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ELECTRONIC INDUCTOR WITH TRANSMIT 
SIGNAL TELEPHONE LINE DRIVER 

CROSS-REFERENCES TO RELATED APPLICATIONS 

This application is related to the following U.S. Patent Applications: U.S. Patent 
Application Serial No. 09/212,707, entitled, TELEPHONE LINE INTERFACE 
CIRCUIT WITHOUT HOOKSWITCH, filed December 16, 1998; U.S. Patent 

5 Application No. , entitled, TELEPHONE LINE INTERFACE 

CIRCUIT WITH VIRTUAL IMPEDANCE, filed . All applications are 

commonly assigned to the assignee of the present application, and the disclosure of each 
are herein explicitly incorporated by reference. 

BACKGROUND OF THE INVENTION 

10 1. Field of the Invention 

The present invention relates generally to the field of modem circuits, and more 
particularly, to an electronic inductor circuit suitable for use in the interface circuit of a 
high-speed modem. 
2. Description of Related Art 

1 5 A prior art electronic inductor circuit 10, also known as a gyrator, is illustrated in 

Figure 1. An electronic inductor typically consists of a transistor 12 with an emitter 
resistor Re 14, further biased by a resistor divider 16, "1 8. The resistor divider 16, 18 is 
connected across the rectified voltage Tip and Ring lines, and a large capacitor C2 is 
placed between the base of the transistor 12 and ground to block any AC signals on the 
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telephone line from modulating the collector current of the transistor- 12. The electronic 
inductor is part of the telephone line interface circuit that connects a modem to a 
telephone line. In this configuration, the electronic inductor determines the DC 
operating point of the modem or the telephone line without affecting the AC response of * 
5 the signal transmitted or received. 

To transmit a signal into the telephone line, it is customary to superimpose the 
signal across the Tip and Ring lines by means of a capacitor, transformer, or both. Since 
the line impedance is 600 ohms, driving the line generally requires a low-impedance 
signal driver capable of a voltage swing as large as 5 volts peak-to-peak. This swing is 

1 0 difficult to achieve with standard power supplies of 5 volts, and impossible to achieve 
when using 3 volt power supplies. Other drawbacks to this circuit include the required 
switch 20, and the large capacitance required for Ci. 

The voltage swing problem is generally solved by using two differential transmit 
drivers of one-half the desired swing, one single driver with virtually rail-to-rail output 

15 swing, or one single driver with a power supply greater than 5 volts. Another approach 
is to drive the base of the transistor 32 in the electronic inductor 30 with the transmit 
signal 44, after decoupling the base from the voltage divider 36, 38 with a suitable 
resistor 40, as shown in Figure 2. Similar configurations are currently used for telephone 
answering machines. In the latter configuration, however, the non-linear characteristics 

20 of the transistor 32 are reflected into the signal transmitted on the line, and the signal 
lacks the linearity required for high-speed modem applications. 
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SUMMARY OF THE INVENTION 

The present invention is an electronic inductor circuit in which an operational 
amplifier drives the base of the electronic inductor transistor, and receives negative 
feedback from the emitter of the transistor. The transistor and operational amplifier 
5 combine to form a voltage-controlled current source (VCCS) with respect to loop 
current. A voltage divider connected across the rectified Tip and Ring voltage (or 
another node of the circuit at an equivalent voltage) provides a DC reference to the 
positive input of the operational amplifier, so that the line current automatically increases 
with an increase in line voltage. A capacitor couples the transmit signal driver to the 

1 0 positive input of the operational amplifier. The voltage feedback to the transistor is 
generally different for the AC and DC signals, which effectively translates to different 
AC and DC currents through the loop. A second transistor may also be used to provide 
increased isolation for the AC modem when the device is on-hook. 

In this configuration, the operational amplifier linearizes the voltage signal at the 

1 5 emitter of the transistor (through the negative feedback input), and causes the line current 
to swing linearly. Specifically, if the collector voltage is sufficiently above Ve, the 
harmonic content or distortion of the transmitted signal is at least 80 dB below the 
fundamental signal level. 

The present invention may also be configured using a Darlington transistor pair 

20 in order to minimize the current required by die operational amplifier driver into the base 
of the first transistor. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The exact nature of this invention, as well as its objects and advantages, will 
become readily apparent from consideration of the following specification as illustrated 
in the accompanying drawings, in which like reference numerals designate like parts 
throughout the figures thereof, and wherein: 

Figure 1 is schematic diagram of a prior-art electronic inductor circuit; 

Figure 2 is a schematic diagram of a second prior-art electronic inductor circuit; 

Figure 3 is a schematic diagram of a first embodiment of the present invention; 

Figure 4 is a schematic diagram of a second embodiment of the present 
invention; 

Figure 5 is a schematic diagram of a third embodiment of the present invention; 

and 

Figure 6 is a schematic diagram of a fourth embodiment of the present invention. 

DETAILED DESCRIPTION 
OF THE PREFERRED EMBODIMENTS 
The following description is provided to enable any person skilled in the art to 
make and use the invention and sets forth the best modes contemplated by the inventor 
for carrying out the invention. Various modifications, however, will remain readily 
apparent to those skilled in the art, since the basic principles of the present invention 
have been defined herein specifically to provide an electronic inductor circuit suitable for 
high-speed modem applications. 
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A preferred embodiment 50 of the present invention is illustrated in Figure 3. An 
operational amplifier 52 drives the base of the electronic inductor transistor 54, and 
receives negative feedback from the emitter of the transistor 54. The transistor and 
operational amplifier combine to form a voltage-controlled current source (VCCS) with . 
5 respect to loop current. A voltage divider 56, 58 connected across the rectified Tip and 
Ring voltage (or another node of the circuit at an equivalent voltage) provides a DC 
reference to the positive input of the operational amplifier 52, so that the line current 
automatically increases with an increase in line voltage. A capacitor 60 couples the 
transmit signal driver 62 to the positive input of the operational amplifier 52. The voltage 

1 0 feedback to the transistor 54 is generally different for the AC and DC signals, whiqh 
effectively translates to different AC and DC currents through the loop. A second 
transistor 66 provides increased isolation for the AC modem when the device is on-hook. 

In this configuration, the operational amplifier 52 linearizes the voltage signal at 
the emitter of the transistor 54 (through the negative feedback input), and causes the line 

1 5 current to swing linearly according to the expression I = Ve/Re, where I is the line 
current, Ve is the emitter voltage, and Re is the value of the emitter resistor 64. If the 
collector voltage is well above Ve, which can be made to be always true by selecting a 
suitable resistor voltage divider ratio, the harmonic content or distortion of the 
transmitted signal is at least 80 dB below the fundamental signal level. This is an 

20 acceptable level of distortion for high-speed modem applications and a significant 
improvement over the circuit shown in Figure 2. 



The network impedance matching block 66 may be designed as either an RC 
network, or any other suitable circuitry. 

A second embodiment 70 of the present invention is illustrated in Figure 4. This 
embodiment is similar to the circuit shown in Figure 3, except that the second transistor 
' 68 is not used because the network impedance matching block 66 is configured as 
"virtual impedance." The circuit, however, still provides high performance with lower 
cost. 

A third embodiment of the present invention is shown in Figure 5. A Darlington 
configuration 54, 82 is used for the electronic inductor transistor, which provides for 
multiple feedback points, as selected by closing one of the switches Si, S 2 , or S 3 . This 
configuration provides a convenient platform for intelligent line voltage control, as 
different feedback points may be selected by external control logic (not shown) in order 
to properly set the desired DC voltage and current on the line. 

A fourth embodiment of the present invention is shown in Figure 6. 
As previously described herein, the same op-amp/transistor combination may be used 
to both drive the AC signal and to set the DC loop current. However, a separate op- 
amp/transistor combination could be used for the AC signal, and one for the DC 
current, in order to independently control their respective gains and to improve 
distortion. The first transistor 100 is used as described above to control the DC line 
current, determined by the resistors Rl and R2. The second transistor 102 controls 
the AC line current, which includes the virtual impedance feedback and the transmit 
signal of the modem. The effects of transistors 100, 102 and Q2 are independently 



summed to the line through currents ITR and Itr, respectively. 

In this configuration, the DC transistor 100 can be biased in a non- 
linear region at any current without introducing distortion on the AC signal. 
Conversely, the AC transistor 102 can be biased with a sufficiently low current to 
5 operate in a linear region and provide excellent linearity in the AC signal transmitted 
to the line. Furthermore, this configuration allows the emitter resistors RE1 and RE2, 
of transistors 100 and 102, to set the gains independently for AC and DC, 
respectively. 

The use of an operational amplifier driver for the electronic inductor transistor, 
1 0 whether the negative input of the op-amp is connected to the emitter of the transistor 1 00 
or simply to the output of the op-amp itself (unity gain buffer), adds a very important 
benefit. A "hookswitch" is not required in the modem interface circuit to the telephone 
line. 

A hookswitch is generally defined as a switch that physically disconnects the 
1 5 modem circuit components from the telephone line interface, when the modem goes on- 
hook. Due to the high impedance of the op-amp positive input, resistors Rl and R2 in 
figure 6 can be sufficiently large to provide only a negligible loading effect on the 
telephone line, when the modem is on-hook. Typically, the on-hook resistance 
requirement can be met worldwide when the sum of Rl and R2 is greater than 5 Mohms, 
20 which is a realistic resistor value. As a result, the electronic inductor in this 

configuration can be left permanently connected to the telephone line even when on- 
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hook, provided that the base of the transistor is shorted to ground through a switch to 
prevent current flow through the transistor. 

The present circuit configuration has excellent linear characteristics, requires a 
relatively small output voltage swing in the operational amplifier and in the transmit 
5 signal source, and can drive signals on the line as large as 5 volts peak-to-peak with 
power supplies as low as 1 volt. Because the input impedance of the operational 
amplifier is large, the transmit signal source does not have to be low-impedance and can 
be smaller in size and less expensive. Furthermore, this circuit is suitable for line- 
powered operation as the power supply required to obtain adequate voltage swing on the 

1 0 line can be relatively low. 

Those skilled in the art will appreciate that various adaptations and 
modifications of the just-described preferred embodiment can be configured without 
departing from the scope and spirit of the invention. Therefore, it is to be understood 
that, within the scope of the appended claims, the invention may be practiced other than 

1 5 as specifically described herein. 



